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Hexanitroetilbene  (HRS)  has  been  used  within  the  U.-S.  government/ industrial 
complex  since  the  early  1960's.  Chemical  process  variable*  leave  ouch  to  be 
desired  in  terms  of  product  purity  and  control  of  particle  geometry.  The 
explosive  HNS-l,  frost  the  Shipp  process,  is  normally  fine,  flat  platelet* 
which  have  been  found  to  contain  upwards  to  6%  hexanitrobibensyl  (HRBiB)  or 
dipicrylethace  (DPE)  as  an  impurity.  Attempt*  to  remove  this  impurity  by  mul 
tiple  washing*  has  resulted  in  recryatgjiised  material  of  a  new  geometry  and 
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Tonsequentiy  larger  particle  site.  The  large  particle  sire  ia  undesirable  in 
aany  applications.  The  explosive  HNS-II,  first  recry  a  tallied  by  the 
Taylor-Oesterling  process,  is  usually  accomplished  by  extraction  by  dual- 
organic^aolventa,  Holt  recently,  HNS  has  been  recrystallized  from  nitric  acid. 
The  thermal  stability  of  the  HNS  recrystallized  from  nitric  acid  appears  to  be 
different  freathe  HNS  recryetallized  from  organic  solvents  as  demonstrated  in 
the  low  core  load  detonating  cords.  The  cheaical/explosive  properties  will  be 
discussed, 

HNS  has  found  aany  applications  throughout  the  aerospace  industry  in 
explosive  components  for  high  speed  aircraft  and  spacecraft  and  has  been 
incorporated  into  a  PBX  seisaic  charge.  The  properties  of  this  PBX  will  be 
discussed. 
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SUMMARY 

OVERVIEWS  OF  HNS  PRODUCTION/PROPERTIES/ APPLICATIONS 


This  report  covers  a  review  conducted  in  part  for  the  NASA  Lyndon  B.  Johnson 
Space  Center,  Houston,  Texas  under  NSWC  Task  R12ZB.  Hcxani trosti lbene  (HNS), 
a  thermally  stable  explosive,  has  been  qualified  for  applications  in  the  NASA 
complex  and  in  many  Navy  applications.  The  explosive  is  synthesized  by  several 
vendors  in  the  United  States  using  the  Shipp  process.  Variable  purities  have 
been  found  with  the  major  impurity  being  hexanitrobibenzyl  (HKB)  or  dipicryicthanc 
(DPE).  The  HNS  is  used  in  detonating  cords  and  large  explosive  charges. 

The  author  wishes  to  acknowledge  the  detonation  velocity  work  done  by 

Mr.  Charles  Goode,  the  chemical  analyses  by  Ms.  Eleonorc  Kayscr,  and  the  scanning 

electron  photomicroscopy  by  Dr.  Hnrrincr  Norr. 
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Introduction 

Hexani trost i lbenc  (HHS)  has  been  produced  in  the  United  States  by  the 
Shipp  process1 *J  since  the  early  1960's.  This  one  step  process,  from 
TNT  and  commercial  bleach,  was  the  only  synthetic  route  to  HNS  for  many 
years.  Earlier  work  by  Reich,1  reporting  on  findings  on  the  preparation 
of  hexanitroBtilbcnc,  shows  a  melting  point  of  211  C,  but  it  is  believed 
that  this  material  was  probably  hexanitrobibenzyl  (HNBiB)  instead  of 
hexanitrostilbene  as  claimed.  Recent  literature  shows  effort  by  Stull1'** 
and  Clink*  to  improve  Che  quality  of  the  HNS,  the  efficiency  of  the  Shipp 
process  and  alternate  routes  of  synthesis. 

The  Hungarian  patent  by  Toapalthy7  ct  al ,  suggests  a  route  of  synthesis 
for  HNS  by  using  an  oxidation  catalyst;  a  metal  complex  of  cobalt  or  copper. 

A  duplication  of  this  work  has  tact  with  little  or  no  success  in  the 
United  States.  The  British  have  patented  a  process  as  an  inprovenent  over 
the  Shipp  process  by  reacting  TNT  in  the  presence  of  ammonia  or  an  amine.* 

HNS  Synthcsis/Particlc  Geometry 

It  is  inherent  in  the  synthesis  of  HNS  that  many  side  reactions  take 
place  forming  a  number  of  iepurities  which  arc  caught  up  in  the  HNS  crystal 
on  precipitation  from  the  red  tar  fraction.  Kayser*  at  the  Naval  Surface 
Weapons  Center  (NAVSWC)  hn9  identified  at  least  twelve  by-products  of  the 
reaction  by  using  a  combination  of  thin  layer  chromatography  (TIC)  and 
nuclear  magnetic  resonance  spectroscopy  (NHR). 

In  addition,  Schaffer19  has  developed  a  method  to  analyze  HNS  samples 
using  high  pressure  liquid  chromatography  (HPLC).  The  impurity  appearing 
in  the  largest  percentage  is  the  hexanitrobibenzyl..  A  graphical 
representation  of  the  appearance  of  these  materials  as  they  occur  on  the 
HPLC  reverse-phase  column*  is  pointed  out  in  Figure  l.  This  synthetic 
mixture  contains  the  basic  impurities  found  in  HNS  although  all  of  these  do 
not  appear  in  evary  lot  of  HNS  that  is  produced  from  the  method#  indicated 
above.  Each  vendor  will  usually  have  a  range  of  percentages  of  various 
impurities  depending  on  the  method  and  the  process  control.  A  tabulation 
of  the  results  of  a  number  of  chemical  assays  from  HNS  produced  by  several 
vendors  can  be  seen  in  Table  1.  These  values  should  be  considered  to  be 
typical  and  not  necessarily  limited  to  the  single  percentages  of  compounds 
indicated  on  the  table.  For  example,  HNS-I,  prepared  by  vendor  C,  will  assay 
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at  95. 9X  HNS  depending  on  the  range  of  assay  for  the  HNBiB.  Empty  columna 
are  indicative  of  purity  from  that  particular  compound.  Since  the  source 
column  letter#  do  not  duplicate  identical  vendors  for  HNS-I  and  HNS-Il,  the 
Z  TNT  column  indicates  three  vendor#  had  acme  percentage  of  the  original, 
unreacted  starting  material  appearing  in  the  final  product.  From  a  chemical 
purity  viewpoint,  these  iepurities  are  undesirable  but  it  is  probably 
impractical  to  "clean-up"  the  product  unless  it  is  justifiable.  This  brings 
up  the  question  of  how  is  the  crystal  geometry  effected  by  any  "clean-up" 
or  whether  one  should  be  concerned  with  any  change  in  the  geometry  of  the 
HNS  crystal  at  all?  Unfortunately,  the  shape  of  the  HNS  crystal  has  a 
significant  effect  on  the  explosive  response  to  fragment  initiation. 

In  sddieion,  in  small  diameter  explosive  train  hardware,  this  can  also  be 
critical  to  the  reliability  of  performance  if  there  is  any  significant 
change  in  the  particle  geometry  of  the  acceptor  explosive.  To  get  this 
into  peispoctive,  a  requirement  for  a  new  type  explosive  component  was 
developed  in  the  early  1960's  to  meet  the  needs  of  the  F-lll  Aircraft 
Program.  This  explosive  component  had  both  capabilities  of  being  a  donor 
and/or  an  acceptor.  Peculiar  to  the  design  was  the  fact  that  after  much 
expenditure  of  tiem  and  money,  the  design  could  be  faulted  only  when  the 
rccrystal 1 ized,  large  particle  size  HNS  was  used  throughout  the  component. 

The  thermal  requirements  were  well  below  any  temperature  which  would  cause 
problems  with  the  relatively  impure  HNS  which  crystallized  out  of  tl<c  red 
tar  fraction  of  the  organic  synthesis.  It  was  discovered  at  the  outset  of 
the  testing  of  the  explosive  component,  that  only  the  thin  platelets  of 
HNS-I  would  support  a  reliable  detonation  transfer.  The  explosive  component 
in  question  was  the  shielded  mild  detonating  cord  (SMDC)n,lJ  and  is 
show  in  Figure  2.  The  end  coupler  charge  of  HNS  is  the  key  to  the  reliable 
performance  of  the  component  when  the  end  coupler  is  the  donor.  The  baoc  charge 
section  is  the  key  to  reliable  detonation  transfer  when  the  end  coupler  is  the 
acceptor.  Several  papers  have  been  written  describing  earlier  work1 3 •  * 
on  the  development  of  the  end  coupler  for  the  SHDC  line.  The  point  is  the 
particle  shape/size  of  the  HNS  significantly  influences  the  performance  of 
the  SMDC  explosive  component.  A  photomicrograph  of  the  HNS-I  ns  it  was  first 
synthesized  is  shown  in  Figure  3.  The  HNS-I  sample,  ID  714,  is  typical  of 
the  particle  size  and  shape  of  the  explosives  used  in  the  end  coupler,  and 
is  typical  of  the  HNS  from  the  Shipp  process.  On  the  same  illustration,  a 
photomicrograph  is  shown  of  HNS-1  (ID  1987)  explosive  produced  by  the  Shipp 
process  but  allowed  to  stand  in  large  holding  tanks  for  many  hours  awaiting 
the  next  step  of  the  process.  ID  1987  ia  typical  of  HNS-I  which  has  been 
allowed  to  grow  under  conditions  of  large  volume  recrystallization. 

However,  in  view  of  the  crystal  growth,  particle  size,  bulk  density 
charge,  change  in  explosive  sensitivity,  etc.,  HNS-I  is  a  misnomer  for  this 
lot  of  HNS.  This  type  of  HNS  explosive  is  considered  to  be  an  HNS-I/HNS-II 
hybrid  for  further  reference.  For  example,  a  similar  lot  of  HNS-I  was 
tested  in  the  laboratory  for  fragment  initiation  sensitivity.  It  was 
fabricated  into  the  base  charge  section  of  the  SHDC  component.  This  unit 
was  used  as  an  acceptor  and  tested  with  a  standard  SHDC  tip  as  the  donor. 

In  this  special  case,  a  special  thickness  of  steel  barrier  was  specified  over 
a  range  of  0'.'003  to  07025  to  be  implemented  by  using  steel  shims  of  variable 
thickness  to  be  substituted  for  the  cup  bottom  of  the  acceptor.  The  donor 
and  acceptor  were  set  up  at  07500  and  07100  air  gap  between  them  for  the  two 
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tests  as  shown  in  Figure  4.  The  shim  thicknesses  were  varied  for  the  tests, 
and  the  results  of  these  test  firings,  with  a  limited  mznber  of  shots  at 
various  barrier  (cup)  thicknesses,  are  shown  in  Figures  5  and  6.  The  results 
are  plotted  as  the  50X  fire  response  from  the  SMDC  donors'  fragment  stimulus. 

The  results  from  tests  in  the  end-to-end  initiation  configuration  as  shown 
in  Figure  5  are  from  the  typical  arrangement  of  this  ordnance  in  actual 
application;  except  for  the  penalized  air  gap.  Since  this  has  been  the  accepted 
design  for  at  least  15  years,  reduced  thickness  barriers  ore  as  expected, 
even  for  the  decreased  sensitivity  of  the  HNS  hybrid  material.  The  results 
in  Figure  6  indicate  HNS-I  is  an  acceptable  material  in  the  cup  of  the  SMDC 
tip  even  at  O'.'l  air  gap  in  a  side-to-end  initiation  configuration.  The  results 
are  consistent  with  the  increase  in  explosive  surface  area  (reduced  particle 
size),  the  donor  remaining  constant,  the  steel  barrier  thickness  can  be 
increased  at  the  acceptor  without  reducing  the  reliability  of  initiation  of 
the  acceptor.  The  question  of  integrity  of  the  SHDC  system  is  centered  about 
the  plot  of  data  in  Figure  6  where  a  complete  reversal  in  the  performance 
of  the  acceptor  is  shown  as  the  surface  area  decreases  and  the  barrier 
thickness  drops  below  five  mils  thickness  with  the  HNS-11  loading.  The  aide- 
to-end  initiation  of  an  acceptor  io  one  of  the  most  undesirable  methods  of 
initiation  at  best  but  to  combine  this  with  mere  insensitive  explosives  in 
the  acceptor  SHDC  line  is  asking  for  reduced  performance  in  the  form  of  a 
failure  to  initiate  at  design  barrier  thickness  parameter  (cup  bottom). 

It  points  out  that  HNS-11  is  not  acceptable  in  the  end  cup  and  is  an 
indication  that  any  hybrid  HNS  explosive  could  approach  this  area  of  design 
margin  if  the  surface  area  became  small  enough.  Even  in  view  of  the  small 
number  of  *~*»ts,  the  results  arc  conclusive  and  the  standard  deviation  of 
12  nils  would  not  be  expected  to  change  with  an  increase  in  the  sample  size. 
After  reviewing  over  50  separate  lots  of  HNS-1  from  industry  in  the  United 
States  and  three  lots  from  England,  there  have  been  only  two  lots  of  HNS-l 
from  the  United  States  and  none  from  England  which  showed  this  HNS-l  hybrid 
structure.  Therefore,  only  42  of  the  lots  produced  in  the  United  States  have 
been  in  holding  tanks  for  an  abnormally  longer  time  period  than  with  the  other 
HNS  processes.  The  washing  procedures  for  HNS-l  should  be  carefully  controlled 
but  the  probability  of  approaching  the  "worst-case"  situation  in  crystal 
growth  is  small.  A  change  in  the  margin  of  performance  in  SMDC  end  boosters 
has  been  defined  but  it  is  not  expected  to  effect  the  ultimate  performance 
of  the  explosive  hardware. 

This  discussion  has  been  pointed  entirely  toward  a  specific  piece  of 
ordnance:  the  SMDC  explosive  component.  The  choice  of  whether  the  designer 
should  use  HNS-I  or  HNS-11  depends  on  various  constraints  of  environment  and 
mechanical  design  on  the  final  design  which  is  on  a  per  case  basis.  Aside 
from  component  usage,  a  recent  demand  for  HNS  as  a  nucleating  agent  in  the 
control  of  the  recrystallization  of  TNT15  during  casting  has  been  cited. 

The  literature  does  not  define  which  HNS  to  use  in  this  process.  Unless  there 
is  some  technical  reason  influencing  the  behavior  of  the  TNT  by  using  HNS-I 
as  opposed  to  HNS-I I,  then  the  more  economical  route  would  be  to  use  the 
HNS-l . 

Availability  of  HNS  Explosive 

The  availability  of  both  HNS-I  and  HNS-II  has  been  increasing  over  the 
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last  five  years.  Teledyne  HcConaick  Selph,  United  Technologies,  Mason  and 
Hanger  and  Ensign  Bickford  have  been  added  to  the  list  as  shown  in  Table  2. 
Note  that  so oe  companies  have  chosen  to  make  only  HNS- I  or  HNS-Il  and  sane 
have  chosen  to  make  both  types  of  materials.  The  British  have  produced 
HNS-I  by  eheir  modified  Shipp  process  and  are  using  it  to  inprove  the 
crystallization  or  nucleation  of  the  TNT  melt  in  shell  explosive  loading 
faci 1 ities. 

All  of  the  companies  currently  producing  HNS-1  and  HNS-II  have  been 
investigated.  Historical  samples  have  been  collected  frees  the  early 
American  Cyanaaid  productions  and  from  the  latest  products  available  by  all 
vendors.  Inherent  in  the  HNS  synthesis,  is  the  production  of  hoxanitro- 
bibenzyi  (HNBiB)  and  small  amounts  of  the  impurities.  The  production  of  the 
HNBiB  depends  primarily  on  the  temperature  control  of  the  reaction  mixture 
and  on  the  temperature  at  which  the  HNS  reaction  is  carried  out.  It  is 
rather  difficult  to  remove  except  through  many  washings  as  has  been  pointed 
out  earlier.  In  Table  1  the  column  heading  S  "P.P."  is  defined  as  unknown 
naterial/materials  which  requires  more  study  to  analyze.  Rccryatal 1 ization 
of  HNS  removes  the  majority  of  these  iepuricics  but  definitely  changes  the 
crystal  geometry. 


The  recrvstnl lization  of  HNS-I  has  been  studied  by  Taylor,14  O'Keefe,17 
Sandoval , 1 e » 1  *  Quinlin,20  and  Syrop21  using  organic  solvents.  Taylor 
studied  the  rccrystal 1 ization  of  HNS  to  ieprove  the  bulk  density  of  the 
material  for  loading  into  mild  detonating  cord  (MDC) ,  and  flexible  linear 
shaped  charge  (FLSC).  He  found  that  acctoni tri le/tolucnc  was  effective  for 
HNS  as  a  double  solvent  system  rn  the  continuous  cxtractioirreurystal lization 
apparatus.  Syrop  also  found  continuous  extract ion-rccrystal lization  to  be 
effective  with  acctonitri lc/xylenc  according  to  his  patent.  The  flow 
properties  of  the  rccrys tnl 1 ized  HNS  is  satisfactory  for  loading  into  MDC 
and  FLSC.  This  particular  application  of  HNS-II  is  the  largest  of  all  the 
uses  of  HNS-II.  It  has  been  produced  from  lot  sizes  of  a  few  kilos  to  45  Kg 
lots  in  the  United  States.  Laboratory  size  glassware  and  stainless  steel 
kettles  arc  being  used  to  rccryatul 1 ize  the  HNS  now  being  produced  in  the 
United  States.  All  vendors  have  proprietary  rights  in  the  processing  of 
the  material  but  a  careful  review  of  the  end  product  reveals  a  crystal 
geometry  characteristic  of  the  soivcnt/solvcnts  used  in  the  process. 


In  the  manufacture  of  HNS-II,  the  demand  or  the  requirement  for  a 
particular  particle  s izc/geoae try  is  not  as  critical  in  the  performance 
of  the  end  product  hardware  qb  was  HNS-I.  Both  HNS-I  and  HNS-II  can  be 
loaded  into  cords  but  the  HNS-II  has  the  more  desirable  flow  characteristics. 

Two  vendors,  Chcmtronics  and  Tclcdync  McCormick  Selph  supply  HNS-II 
processed  from  nitric  acid  solvent.  This  method  of  rccrystal lization  of 
HNS  was  not  accomplished  until  the  early  i970'a.  The  processes  are  still 
proprietary  to  both  companies.  The  crystal  gcoroct,/  and  size  appear  to  be 
controllable  but  is  inherently  large.  The  flow  properties  of  the  HNS  and 
the  more  economical  processing  of  the  explosive  makes  it  core  attractive  to 
the  user  but  not  without  a  serious  drawback.  The  problem  with  this  material 
when  loaded  into  detonating  cords  is  that  the  thermal  stability  of  the 
explosive  is  penalized  as  is  shown  in  Table  3.  This  is  substantiated  by  poor 
performance  demonstrated  by  the  MDC  when  compared  to  the  performance  of  the 
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organic  solvent  recrvstdl 1 ized  material  tested  under  the  same  conditions.22 >21 
The  work  published  by  Gould2*  at  the  Sandia  Laboratories  points  out  the 
limiting  factor  in  the  thermal  stability  of  HNS  produced  currently  in  the 
presence  of  dipicrylethane  (DPE)  or  hexanitrobibentyl . 

The  availability  of  HNS  within  a  short  time  frame  is  variable  depending 
on  the  demand  and  the  availability  of  solvents,  however  most  of  the  vendors 
will  furnish  the  explosive  in  45  Kg  lots. 

Application  of  Hcxani trosti lbene 

HNS  has  found  many  applications  throughout  the  aerospace  industry  in 
explosive  components  for  high-speed  aircraft  and  spacecraft.  It  has  also 
been  incorporated  into  a  plastic  bonded  explosive  charge  (PBX).  Special 
components  such  as  the  SHDC  line,  as  shown  in  Table  4,  is  the  largest  user 
of  HNS.  As  has  been  pointed  out,  HNS-I  must  be  used  in  the  end  couplcr/cnd 
tip  arrangement.  Many  thousands  of  these  units  have  been  fabricated  and 
tested  to  a  high  demonstrated  reliability. 

The  largest  explosive  charges  made  with  HNS  were  fabricated  for  the 
APOLLO  17  Lunar  Seismic  Profiling  Experiment.21 


In  these  charges,  HNS-I1  was  blended  with  Tcflon-7C  (E.  I.  duPont 
dcNemoura  Co.  Trademark)  isostatical lv  pressed,  and  machined  to  the  proper 
shape  for  the  application  by  Miscncr.**  A  better  understanding  of  the 
thermal  properties  of  the  explosive  and  inert  binder  haB  been  published  by 
Elban,2'  who  developed  values  of  thermal  diffusivity  and  thermal  conductivity 
for  the  explosive  blend  and  the  inert  sieulant  for  the  charge.  Additional 
properties  arc  shown  in  Table  5-  Montcsi2*  studied  the  explosive  sensitivity 
of  HNS/Tcflon  90/10  by  a  aeries  of  verification  tests.  The  probabilities 
of  detonation  transfers  between  the  in-line  explosive  components  were 
determined  by  the  VARICOMP  test2*  method  and  exceeded  0.9999  at  95X 
confidence  for  all  interfaces  in  the  explosive  train.  The  explosive  charges 
were  subjected  to  vigorous  vibration  testing  and  were  accepted  for  flight 
envirorcaent.  The  explosive  charges  fabricated  for  this  mission  range  from 
booster  size  (60  gm)  to  main  charge  size  (2.7  Kg).  It  demonstrates  the 
usefulness  of  the  explosive  blend  and  future  possibilities  in  explosive  train 
design.  At  the  Lawrence  Livermore  Laboratory  (LLL) ,  Golopol50  blends  95  vtX 
HNS-1  and  5  wtX  Kcl-F  800  to  form  an  acceptable  explosive  composition  for  use 
as  an  explosive  booster.  Several  papers  have  been  written  on  the  detonation 
properties  of  HNS  where  Hanes1 1  measured  the  unreactcd  Hugoniots  of  HNS 
and  Lee12  developed  an  equation  of  state  for  the  detonation  products  of 
HNS  at  various  charge  densities. 

Summary 

The  Shipp  process  is  probably  the  most  used  and  most  economical 
synthesis  of  HNS-I  at  the  present  time  in  the  United  States.  The  Taylor- 
Ocsterling  recrystallization  process  for  HNS-I  to  form  HNS-II,  yields  material 
which  has  better  thermal  stability  than  the  material  recrystallized  from 
nitric  acid.  All  HNS  produced  in  the  United  States  by  qualified  vendors 
appears  to  retain  the  thermal  qualities  of  the  basic  explosive  material. 
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There  is  however,  a  considerable  percentage  of  impurities.  Hexanitrostilbene 
recrystallized  from  nitric  acid,  should  not  be  used  in  detonating  cords. 
Manufacturers  of  HNS-I  should  be  aware  of  crystal  growth  brought  about  by 
retaining  the  explosive  in  holding  tanks  for  long  periods  of  time. 


HNS-I  or  HNS-II  may  be  combined  with  a  proper  binder  and  pressed  into 
an  acceptable  explosive  charge  with  good  mechanical  and  thermal  properties. 
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FIGURE  6  HEXANITROSTILBENE-FRAGMEWT  IMITATION  SENSITIVITY  AT  A 
60%  FIRE  RESPONSE  WITH  STEEL  BARRIER  THICKNESS  VS 
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TABLE  1  QUANTITATIVE  HNS  DATA 
X  COMPOSITION  DETERMINED  FROM  RESPONSE  FACTORS 


SOURCE 

% 

HNS-I 

% 

HHCiB 

S 

im 

% 

RCH2QH 

% 

PiCHO 

X 

TNT 

X 

“pjr 

A 

99.4+ 

14 

0  2 

8 

319+ 

1-8 

02 

0.1 

0.8 

C 

919+ 

0.8-4 

TRACE 

05 

0.1 

0 

99JD+ 

17 

02 

E 

S8J3+ 

1.7 

02 

TRACE 

TRACE 

A 

HNS-il 

99.4 

IS 

B 

995+ 

11 

03 

C 

912+ 

03 

HI 

03 

D 

99.1+ 

0.7 

02 

E 

910+ 

15 

05 

TABLE  2  AVAILABILITY-HEXANITROSTILBENE  (HNSJ 


SOURCE 

TYPE 

CH0WTRONICS 

KNST 

HNSTI 

msm  &  HANGER¬ 
S'.  IAS  MASON  CO.  INC. 
PANTEX  PLANT 

HNST 

KMS4I 

TEIHJYNE  McCORMtCK  SEIPH 

mm 

KNS-H 

UNITED  TECHNOLOGIES  CORP 

HNS-I 

ENSIGN  BICKFORD 

HMSTJ 

BRITISH  iROf-SRiDGEWATER) 

HNS-I 
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(a)  IN  LINE  FAILURE:  COLOR  CHANGE  IN  SOLUTION  DMSO 
<b)  INITIATION  FAILURE 
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TABLE  4  EXPLOSIVE  TECHNOLOGY  SMDC  SUMMARY  (MAJOR  PROGRAMS  ONLY) 
1865  THROUGH  JANUARY  1978 


oortroftM 

QUANTITY 

QUANTITY 

X-CORD  CONFIG. 

rnUunAW 

MANUFACTURED 

FUNCTIONED 

CORE 

25  GR/FY 

SHEATH 

MAT! 

Fill 

231JD5G 

17.73S 

DiPAM 

SILVER 

MA 

12X940 

11550 

HNS 

SAVER 

f-15 

1X570 

900 

DJPAM 

SILVER 

F  16 

230 

49 

HNS 

SAVER 

S3A 

16530 

830 

HNS 

SILVER 

EA£8 

3500 

400 

HNS 

SAVER 

M8-333  (ITALY) 

90 

10 

HNS 

SAVER 

c  ;ai  ispaini 

140 

20 

HNS 

SAVER 

SPACE  SHUniE 

1.750 

200 

HNS 

SAVER 

OEITA  CASTOR 

1,870 

180 

HNS 

SILVER 

PROJECT  227 

3230 

250 

DJPAM 

SAVER 

LM  CUTTER 

21300 

IjDSO 

HNS 

SILVER 

CENTAUR 

400 

80 

HNS 

SAVER 

CTS  (CANADA) 

80 

30 

DIPAM 

SILVER 

STANDARD ARM 

4500 

120 

DIPAM 

SAVER 

SPRINT 

IjOOO 

100 

ROX 

LEAD 

HARPOON 
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70 
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SAVER 
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TABLE  5  PHYSICAL  AND  EXPLOSIVE  PROPERTIES  OF  HEXANITROSTILBENE, 
HNS/TEFLON  COMPARED  TO  RDX 


HNS-I 

HNS-I  1 

HNS-II/TEFLON 

90/10 

STD  RDX’” 

MELTING  POINT  (°C) 

313 

318 

318 

204 

THEORETICAL  MAXIMUM 
DENSITY  (G/CC) 

1.74 

1.74 

1.78 

1.82 

VACUUM  THERMAL  STABILITY 
260°C  (CC/G/HR) 

1.63 

0.23 

250° 

0.52 

13.2  AT  180 

WEIGHT  LOSS  (%)  AT 

210°C  AFTER  48  HRS 

— 

— 

— 

EXPLODES 

PARTICLE  SIZE  RANGE 
(MICRONS) 

<  10 

100-200 

100-200 

600  OR  LESS 

IMPACT  SENSITIVITY 
(X  IN  CM)’ 

47 

63 

— 

20 

ELECTROSTATIC  SPARK 
SENSITIVITY 

FIRES  ABOVE 
0.001  MFD 
©8  KV 

FIRES  ABOVE 
0.0001  MFD 
©  17  KV 

— 

LESS  SENS 
THAN  TETRYL 
OR  PETN 

DETONATION  VELOCITY 
(M/SEC  ©  DENSITY 
(G/CC) 

6800 

1.60 

7000 

1.70 

6900 

1.68 

8360 

1.70 

60%  SHOCK  SENSITIVITY 

DBg”  (KBAR) 

©  DENSITY.  G/CC 

7.14  (33.69) 
1.68 

5.35(18.74) 

1.64 

6.76  (21,87) 
1.70 

3.77(11.26) 

1.63 

AVAILABILITY 

PRODUCTION 

PRODUCTION 

— 

PRODUCTION 

SPECIFICATION 

WS5003 

WS5003 

NOLS  1015 

MIL-R-398 

’NOL-ERL  DROP  MACHINE,  SANDPAPER,  TYPE  12  TOOLS,  2.6  KG  WT 
”DB$  **  30-10  LOG  (OBSERVED  GAP  IN  MILS) 

••’MIL-R-3S8  MILITARY  SPECIFICATION  RDX 

l 

< 

* 


j 

,1 

4 

! 

j 


* 

: ! 

!  ; 


h 


21/22 


'kzy* 


Ji  - t  &cz  z. y'-  „  t 


>y~.  .  <>  ~^*v-  "y  y  - 


»nnmwiiw.i» 


-rtf  ■- 


ST5--- 


ft  ' 


’  ^  ft*?'  ff 


- '  e 


?5->, 


'•>1^^^,.  j  «•  *  / 


NSWC  TR  79-181 


DISTRIBUTION 


Copies 


Commander 

Naval  Sea  Systems  Command 
Naval  Sea  Systems  Command  Headquarters 
Washington,  D.  C.  20362 
SEA-0332 

SEA-09C32  2 

SEA-06JE 

Director 

Strategic  Systems  Projects  Office 
Department  of  the  Navy 
Washington,  D.  C.  20376 
SSPO-2731  (H.  Baron) 

Commanding  Office 
Naval  Ordnance  Station 
Indian  Head,  Maryland  20640 

Commander 

Naval  Weapons  Center 
China  Lake,  California  93555 
Technical  Library 
Dr.  Adolf  Aastcr 
Cordon  Crecn 

Naval  Academy 
Annapolis,  Maryland  21402 
Hd.  Weps  Dept 

Superintendent 

Naval  Postgraduate  School 

Monterey,  California  93940 

Commanding  Officer 
Naval  Weapons  Station 
Yorktovn,  Virginia  23491 
Technical  Library 
W.  McBride 


23 


I 


NSWC  TR  79-181 


DISTRIBUTION  (Continued) 

Copica 

Naval  Air  Systems  Command 
Department  of  the  Navy 
Washington,  D.  C.  20360 
Air  Library 
Pete  Facas  AIR-05323 

Commanding  Officer 
Naval  Weapons  Support  Center 
Crane,  Indiana  A7522 
Technical  Library 
Dr.  B.  Douda 

Joint  Cruise  Missile  Project  Office 
Washington,  D.  C.  . 

Ken  Funk 

Office  of  Naval  Research 
Arlington,  Virginia  22217 

R.  Miller  2 

Commanding  Officer 
Picatinny  Arsenal 
Dover,  New  Jersey  07801 
Technical  Library 
D.  Sceger 
W.  Vorcck 
R.  Walker 

ARRADCOM 
Edgcvood  Arsenal 
Edgevood,  Maryland  0^601 
Technical  Library 

Commanding  Officer 
Ballistics  Research  Laboratory 
Aberdeen  Proving  Ground 
Aberdeen,  Maryland  21005 
Technical  Library 


^  ^  9..  r  x  'X.  *  . 


‘v,  t  v- 


*X  O-  ^  &•£  r  ■»  V 


NSWC  TR  79-181 


DISTRIBUTION  (Continued) 


Copies 


Commanding  General 
Antsy  Materiel  Command 
Departeent  of  the  Array 
Washington,  D.  C.  20316 
Technical  Library 

Commander 

Array  Rocket  and  Missile  Agency 
Redstone  Arsenal 
Huntsville,  Alabama  35809 
Technical  Library 

Commanding  Officer 
Frank  ford  Arsenal 
Philadelphia,  Pennsylvania  19137 
Technical  Library 

Director 

Defense  Documentation  Center 
Cameron  Station 
Alexandria,  Virginia  22314 
TIPCR 


Commander 

Systems  Engineering  Group 
RTD 

Wright-Patterson  Air  Force  Base 
Ohio  45433 


Chief  of  Staff 
U.S.  Air  Force 
Washinton,  D.  C.  20350 
AFORD-AR 


NASA,  Langley  Research  Center 
Langley  Sta,  Hampton,  Virginia  23665 
L.  Bcracnt 


25 


J 


,0)  -^  ' 


-'Vis?-  -'*£'-'  '-"s^sc 


HSWC  TR  79-181 


DISTRIBUTION  (Continued) 


Copies 


NASA,  Lewis  Research  Center 
2100  BrwoRepark  Road 
Cleveland,  Ohio  66135 
Library 

Paul  OrSin,  SNPO 


Lyndon  B.  Johnson  Space  Center 
National  Aeronautics  6  Space  Administration 
2101  Webs tor-Seabrook  Road 
Houston,  Texas  7  7058 
Technical  Library 
T.  Craves 


Cct.rge  C.  Marshall  Space  Flight  Center 
National  Aeronautic#  &  Space  Administration 
Hontsville,  Alabama  35812 
Technical  Library 
Robert  White  VEP-IO 


NASA,  Goddard  Space  Flight  Center 
Glendale  Road 
Greertbclt  (  ’-'aryl nr. i  . " 

Technical  Library 


Chostronics 
Old  Bee  Tree  Road 
Svannanoa,  North  Carolina  28778 
J.  Sbuitheia 


Ensign  Bickford  Company 
660  Hopmcadov  Street 
Simsbury ,  Connecticut  06070 
R.  Boggs 


Explosive  Technology 
p,0.  Bv,x  KK 

Fairfield,  California  96533 
F.  Burkdol 1 


y.  - 


^  %yo~r.  --  setters*  v-  «’•■■ 

- - * - J - - — ‘^3tS9tSX 1  - - 


26 


'  ''-•ft'  S*t-  -  '  ' .  *T 


»  ,}V  •>  ■  -v-’  '  >  / 


«iH3C  '  ...SS'*  -4?/  ,« 


NSWC  TR  79-181 


DISTRIBUTION  (Continued) 


Copies 


Franklin  Institute 
Research  Laboratories 
Philadelphia,  Pennuy Ivania  19103 
Ed  Hannus 

General  Dynaaies 
P.O.  Box  7*8 
Fori  Worth,  Texas  76101 
U.  Early  (MZ2843) 

K.  Monroe 

General  Oynaaics  Corporation 
Convsir  Division 
P.O.  Box  80847 
San  Diego,  California  93138 
George  Hendry 

Grusesan  Aerospace  Corporation 
South  Oyster  Bay  Road 
Bethpage,  Nov  York  11714 
J.  Hopkins 

Jet  Propulsion  Laboratory 
California  Institute  of  Technology 
4800  Oak  Grove  Drive 
Pasadena,  California  9H03 
Technical  Library 

Jet  Research  Center,  Inc. 

P.O.  Box  246 
Arlington,  Texas  76010 

Lockheed  Missiles  6  Space  Corporation 
P.O.  Box  504 

Sunnyvale,  California  94086 
y.  Gens 


ga^aosss^sl 


* 


DISTRIBUTION  (Continued) 


Copies 


i 


Los  Alonos  Scientific  Laboratory 
P.0.  Bos  1663 

Los  Alanos,  Hew  Mexico  875 44 
Dr.  L,  Saith 


Mason  ond  Hangar 
Silas  Mason  Co.,  Inc. 

Pantex  Plant 
P.0.  Box  6*7 
Araarillo,  Texas  79177 
Dr.  Clyde  Alley 

McDonnell  Douglas  Corporation 
P.0.  Box  516 

St.  Louis,  Missouri  63166 
M.  Schinsel 

Ordnance  Engineering  Associates 
P.0.  Box  10488 
Denver,  Colorado  80210 
Ahned  Kafadar 


Snndin  Corporation 
P.0.  Box  5600 

Albuquerque,  New  Mexico  87115 
Dr.  H.  Brown 
Dr.  J.  Holovka 


Scientific  and  Technical  Information,  NASA 
P.0.  Box  33 

College  Park,  Maryland  20740 


Space  Ordnance  Systess,  Inc. 
375  Santa  Trinita 
Sunnyvale,  California  94006 
Dr.  N.  Zable 


Tcledyne  HeCoraick  Selph 
P.0.  Box  6 

Hollister,  California  95023 
R.  Ingh® 


28 


XS  •  i<±  j  '‘'S' 


:*>  r  -  ry: 


V  ^  ~ 


NSWC  TR  79-181 


DISTRIBUTION  (Continued) 

Copies 

TRW 

Ballistic  Missiles  Division 
Systctas  Croup 
P.O.  Box  1310 

San  Bernadino,  California  92402 
V.  J.  Mcniehelli 

Unidynonic*  Corporation 
P.O.  Box  2990 
Phoenix,  Arizona  85002 
J.  Froncbcrgcr 

University  of  California 
Lawrence  Livcroorc  Laboratory 
P.O.  Box  808 

Liveracrc,  California  94550 
Milton  Finger 
H.  Rizzo 


-fto7^r  S  73 


DEPARTMENT  OF  THE  NAVY 
NAVAL  SURFACE  WEAPONS  CENTER 
DAMLGREN.  VIRGINIA  77  Ut 


WHITE  OAK  LABORATORY 
SILVER  SPAING.  MO.  20*10 
12021  !»«-  1  787 

OAHLGREN  LAIORATORV 

oahlgrcn.  va.  22««a 

(70S)  MI- 


IN  REPLY  REFER  TO 

R12:EEK:amr 


To  all  holders  of  NSWC  TR  79-1 81 

Title:  OVERVIEWS  OF  HNS  PRODUCTION/PROPERTIES/APPLICATIONS 


Change  2 
31  March  1980 


1  page 

This  publication  is  changed  as  follows: 

TABLE  5,  page  21/22,  PHYSICAL  AND  EXPLOSIVE  PROPERTIES  OF  HEXANITROSTILBENE,  HNS/ 
TEFLON  COMPARED  TO  RDX. 


The  THEORETICAL  MAXIMUM  DENSITY  (G/CC)  for  STD  RDX  reads  1.82.  This  value  should 
be  changed  to  read  1.806.* 


The  footnote  should  read: 


*UCftL-5T 31 9  (Revision  1976),  Brigitta  Dobratz,  Lawrence  Livermore  Laboratory. 


Insert  this  change  sheet  between  the  cover  and  the  DD  Form  1 473  in  your  copy. 
Write  on  the  cover  “Change  2  inserted" 
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